Aim To analyze relative weight gain by 2-week intervals up to 6 weeks after birth in order to predict the development of retinopathy of prematurity (ROP) requiring treatment among very low birth weight (BW) infants. Methods A prospective study including infants with BW r1500 g born in a single tertiary intensive care unit over 1-year period was conducted. Body weight measurements were recorded weekly and relative weight gains (g/kg/day) were calculated. The main outcome was development of ROP requiring treatment. Results Mean BW and gestational age (GA) of the whole cohort were 1165±223 g and 29.3 ± 2.3 weeks, respectively. Relative weight gain at 2 weeks and 4 weeks postnatal age were significantly lower in infants with severe ROP (P ¼ 0.041 and P ¼ 0.017, respectively). Relative weight gain at 6 weeks was not different between groups. Infants with severe ROP gained 6.7±4 g/kg/day in the first 4 weeks of life, compared with 9.3±4.5 g/kg/day for those with mild or no ROP. After adjusted for BW and GA in logistic regression poor relative weight gain in the first 4 weeks was found to be related to severe ROP (P ¼ 0.015). When all the other risk factors significant for severe ROP were included in the logistic regression poor weight gain did not arise as an independent risk factor. Conclusion Poor postnatal weight gain in the first 4 weeks of life is the end result of several comorbidities rather than being an independent risk factor. Poor weight gain can be an additional predictor of severe ROP in very low BW infants.
Introduction
Retinopathy of prematurity (ROP) is a major cause of preventable blindness in children all over the world. [1] [2] [3] It is a disease of the retina associated with preterm birth in which retinal blood vessels fail to grow and develop normally. ROP is a multifactorial disease. Low gestational age (GA), low birth weight (BW), oxygen therapy, blood transfusion, and several wellknown morbidities of prematurity, such as necrotizing enterocolitis (NEC), sepsis, intraventricular hemorrhage (IVH) are shown to be associated with ROP. [4] [5] [6] Recent data suggest that one of the strongest predictors of ROP is poor weight gain during the first weeks of life. [7] [8] [9] [10] [11] In this prospective study, we aimed to evaluate relative weight gain by 2 weeks intervals up to 6 weeks after birth in order to predict the development of ROP requiring treatment among very low birth weight (VLBW) infants.
Patients and methods
In this prospective study, preterm infants born with BW r1500 g at Zekai Tahir Burak Maternity Hospital, Ankara, Turkey between March 2009 and March 2010 were recruited. Neonates with hydrocephalus, congenital anomalies, those who died or lost to follow-up before development of ROP requiring treatment or full vascularization of the retina were excluded. The study was approved by the hospital ethics committee and informed written consent was obtained from the parents or guardians before enrollment.
The first eye examination was performed at the postnatal age of 4-6 weeks by two senior ophthalmologists. After pupillary dilation with application of mydriatic eye drops (2.5% phenylephrine and 0.5% tropicamide), the eyes were examined by a lid speculum, depressor, binocular indirect ophthalmoscope, and 20-diopter lenses. Staging of ROP was recorded according to the international classification of ROP. 12 Each child was classified according to the most advanced ROP stage observed. Patients were divided in to two groups as having no ROP or mild ROP and severe ROP. In this study, mild ROP was defined as the ROP that did not meet the criteria for treatment and severe ROP was defined as that needed treatment. The criteria for treatment were: zone I any stage of ROP with plus disease or zone I stage 3 without plus and zone 2 stage 2 or 3 with plus disease as defined by Early Treatment for Retinopathy of Prematurity Cooperative Group. 13 Follow-up examinations were performed once or twice a week depending on the severity of the disease until the eyes were fully vascularized. The main clinical outcome was occurrence of severe ROP requiring treatment.
Body weight measurements weekly up to 6 weeks chronological age and day of regain of BW were recorded. Relative weight gains (body weight minus BW, divided by BW and chronological age, g/kg/day) at second, fourth, and sixth week were calculated. The data recorded for each neonate also included GA, BW, gender, 5-min APGAR score, oxygen therapy, mechanical ventilation, respiratory distress syndrome (RDS), hemodynamically significant patent ductus arteriosus (PDA), culture proven sepsis, NEC (Zstage 2), IVH (grade 3 or 4), and transfusion volumes.
Statistical analyses were conducted using the SPSS version 17.0 (SPSS Inc., Chicago, IL, USA). The results are presented as numbers (n), frequencies (%), means with respective standard deviation (SD) and as medians with their interquartile ranges (IQR). Non-parametric tests were used to analyze continuous variables. Chi-square test was used to compare categorical variables. Statistical significance was accepted Po0.05. Two different logistic regression models were used. In the first model BW, GA, relative weight gain at second and fourth week of life were analyzed. In the second model, all the risk factors found to be significant in univariate analysis were included. Backward stepwise method was used in logistic regression. Odds ratios and 95% confidence intervals for each risk factor were determined. Receiver operating characteristic (ROC) curve was used for determination of the best discriminative cut-off of relative weight gain at fourth week of life to predict severe ROP.
Results
During the study period among the infants admitted to our NICU, 487 infants fulfilled the inclusion criteria. Complete clinical and eye examination data were available for 300 patients, 149 (49%) of whom were male. Mean BW and GA for the total cohort was 1165 ± 223 g (range 600-1500 g) and 29.3 ± 2.3 weeks (range 23-34 weeks), respectively. Of the total cohort 67 (22.3%) of the infants were o1000 g BW. Severe ROP needing treatment occurred in 21 babies (7%). Patients with severe ROP had significantly lower BW (959±185 g, range 680-1400 g, Po0.001) and GA (27.2±1.9 weeks, range 24-31 weeks, Po0.001) compared with those with mild ROP and no ROP. Male gender (P ¼ 0.033), PDA (Po0.001), NEC (P ¼ 0.03), and culture proven sepsis (Po0.001) were more common in patients with severe ROP. Transfusion volume (Po0.001), number of days on mechanical ventilation (Po0.001), and supplemental O2 (Po0.001) were significantly higher among patients with severe ROP. Relative weight gain at second and fourth week of life were significantly lower in infants with severe ROP (P ¼ 0.041 and P ¼ 0.017, respectively). Relative weight gain at sixth week was not different between groups. Infants with severe ROP gained 6.7 ± 4 g/kg/day in the first 4 weeks of life, compared with 9.3±4.5 g/kg/day for those with mild or no ROP. Infants with severe ROP required longer time to regain BW (P ¼ 0.003). RDS and IVH were not associated with increased risk of severe ROP (Table 1) .
Birth weight, GA, relative weight gain at second and fourth week of life were put into a logistic regression model and relative weight gain in the first 4 weeks (P ¼ 0.015) besides BW (Po0.001) were found to be independently related to severe ROP (Table 2) . When all the risk factors found to be significant in univariate analysis were put in to a logistic regression model BW (P ¼ 0.061), duration on MV (Po0.001), PDA (P ¼ 0.006), proven sepsis (P ¼ 0.007) were independent risk factors and poor weight gain did not arise as an independent risk factor at this model (Table 3) .
Receiver operating curve analysis revealed a cut-off of 9.1 g/kg/day weight gain in the first 4 weeks of life (area under the curve: 0.656, 95% confidence interval: 0.542-0.770, P ¼ 0.017) with a sensitivity of 76.2% and specificity of 50.4% for detection of ROP requiring treatment. We divided the cohort in to two groups as low weight gain and high weight gain groups using 9.1 g/kg/day weight gain cut-off. Days on mechanical ventilation (Po0.001) and supplemental oxygen (Po0.001), PDA (P ¼ 0.038), NEC (P ¼
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Eye transfusion volume (P ¼ 0.026) were higher in the low weight gain group.
Discussion
Current screening guidelines for ROP use only GA and BW as a criteria and does not take postnatal factors into consideration. However, it is widely accepted that sicker infants with poor postnatal course are at higher risk for ROP. Identifying postnatal factors that can be used to predict who will develop severe ROP requiring treatment would be beneficial for screening. A few studies reported a relationship between poor postnatal weight gain and increased risk of developing ROP. Wallace et al 7 in a multiple regression model showed that GA and poor relative weight gain in the first 6 weeks of life were independent risk factors for Zstage 3 ROP. In contrast, Allagaert et al 8 found that poor absolute weight gain (g/day) but not relative weight gain in the first 6 weeks was associated with threshold ROP. Filho et al 14 reported that low weight gain proportion (baby's weight measured at 6 weeks of life minus the BW, divided by the BW) under 51.2% of the BW at 6 weeks can predict severe ROP with a sensitivity of 66.3% and specificity of 62.6% in VLBW infants. Recently, an online surveillance system was developed in Sweden based on weekly neonatal measurements of body weight and serum IGF-1 levels. Weight IGF-1 Neonatal ROP (WINROP) algorithm was designed to detect a slowing of a rise in IGF-1 levels or weight gain compared with expected values of infants who have no ROP or only stage 1 ROP. It has 100% sensitivity to detect infants who will need treatment for ROP. 9 Later it was shown that only serial weight measurement part of WINROP algorithm, excluding IGF-1 measurements, can also predict severe ROP requiring treatment with 100% sensitivity. 10 This algorithm was validated in a different cohort of infants in Sweden and USA. 11, 15 The first three studies we have mentioned were focused on weight gain during the first 6 weeks of life. With the WINROP algorithm, infants at risk were identified at a median age of 3.5 weeks after birth. In this study, we evaluated relative weight gain of VLBW infants at second, fourth, and sixth weeks of life. We found that relative weight gain at 2 and 4 weeks Eye but not 6 weeks postnatal age were significantly lower in infants with severe ROP. When BW, GA, relative weight gain in second and fourth weeks of life are put in to a logistic regression model, BW and relative weight gain at 4 weeks were independently related to severe ROP. Weight loss and subsequent late regain of BW in the first 2 weeks of life is mostly related to degree of prematurity, so it lost significance in logistic regression. Relative weight gain at 4 weeks is related to ROP independent of GA and BW. Poor postnatal weight gain did not arise as an independent risk factor when all the other risk factors significant for severe ROP in univariate analysis were included in the logistic regression. We believe that poor weight gain is strongly associated with other risk factors in this model, therefore lost significance in logistic regression. Most of the morbidities related to prematurity are experienced in the first month of life. Thereafter most of the babies are in better general health and start to gain weight. This may explain why poor weight gain at 4 weeks postnatal age is better correlated with ROP than that at 6 weeks. Poor postnatal weight gain in premature infants is caused by a combination of poor nutrition and poor postnatal outcome. Metabolic rate is increased in premature infants to compensate for heat loss. Rate of protein loss is high. Lung disease and sepsis increase energy consumption even more. Feeding intolerance and NEC are important factors contributing to insufficient enteral nutrition. 16 In our cohort of VLBW infants, several well-defined morbidities of prematurity, such as PDA, NEC, respiratory support, and transfusion requirement were more common in infants with poor postnatal weight gain. Relation of poor postnatal weight gain and ROP may be attributed to common postnatal risk factors causing them. Poor postnatal weight gain is a good predictor but probably not an independent risk factor for ROP.
Role of prenatal growth restriction had been mentioned by some investigators. It was shown that infants born small-for-GA (SGA) were significantly more likely to develop ROP and more severe disease than infants born appropriate-for-GA. 17 Darlow et al 18 reported that infants below the 3rd percentile of weight for GA have four times greater odds of severe ROP than those between the 25th and 75th percentiles. Allagaert et al 8 found that being SGA and BW below the 25th percentile are risk factors for threshold ROP. In our cohort, among infants with severe ROP only one patient was SGA.
In conclusion, results of this study suggest that poor relative weight gain in the first 4 weeks of life is a predictor for ROP requiring treatment. However, it cannot be used as a screening tool alone as it has a low sensitivity, but it can help to identify infants with poor postnatal course and are at greater risk. It is especially useful for the ophthalmologist at the time of the initial visit when he is not well informed about the postnatal course of the infant.
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